ABSTRACT: NoC is an important aspect on the research of the integrated circuit. Low-power NoC is one of the key technologies to promote the applications of NoC. This paper proposes a novel NoC mapping algorithm on how to reduce the communication power. The method can get a better performance by improved max-min ant algorithm, updating the pheromone, and optimizing the weight coefficients and the state transition rules. The experimental result shows that the proposed method can reduce the power consumption effectively during the mapping process and has a good convergence which can accelerate the search process and avoid the stagnation with the compared method.
INTRODUCTION
As the development of semiconductor technology, more and more transistors are integrated on a single chip. The multiple IP cores such as processors, memories, input and output controllers are built on the chip to improve the system performance. However, the complexity of design on the chip is increasing with the improving system performance. The development of SoC (System on Chip) meets the insurmountable obstacles such as poor scalability, parallel communication and clock synchronization. The emergence of NoC (Network on Chip) can solve those problems and provide a new paradigm [1] [2] [3] [4] . The design of NoC includes two aspects, platform design and mapping method. Mapping method with low power is one of the most important technologies to promote the development of NoC. The aim of mapping on NoC is to assign the parallel tasks to the IP cores which can minimize the communication cost and the energy consumption as far as possible. Many papers have proposed algorithm of mapping for NoC. A branch and bound algorithm is proposed in [5] which can minimize the system power consumption under the bandwidth constraint. The communication cost, however, is still too high. A heuristic random search algorithm is proposed by constructing a taboo list to avoid the searching loop on NoC mapping [6] , though the convergence effect is not very good. A NoC mapping genetic algorithm with low power is proposed in [7] . But the algorithm is too complex and has low global search capability. So we propose an improved max-min ant colony mapping algorithm by optimizing the weight coefficient and the state transition rules, updating the pheromone to improve the algorithm performance in this paper. The experimental result shows that the method can reduce the power consumption effectively and has a good convergence of accelerating the search of the evolutionary process and avoiding the search stagnation.
GETTING STARTED

NoC mapping process
NoC mapping is a process that all the processer units are assigned to the IP cores of NoC structure diagram by mapping function from a given task graph [8] . The whole process is showing in Figure 1 . There are four processer units in the task graph. The weight of the edge between the processing units is the communica-tion cost. NoC structure diagram is constructed by mapping function. IP cores communicate with each other via Routers. Different mapping functions can lead to different results, while the mapping results have affected on the hardware cost, performance and power consumption conversely [9] . Therefore, the mapping function must to be defined according to the specific requirements. 
Mapping communication
Definition 2: Given a NoC structure diagram NSD (V, P). vi ∈V is a vertex of resource node. pij ∈ P is a communication path from vi to vj. fij is the communication cost of the edge pij.
Definition 3: Given a 2D Mesh NoC, nhopij is the hop distance between vi and vj in the NSD (V, P). That is to say, nhopij = | xi -xi |+| yi -yi |. fij is the communication cost which can be generated by formula (2) .
Definition 4: Given TG (U, E) and NSD (V, P),
The mapping of NoC can be defined by the following mapping function:
Communication power consumption model [10] of NoC can be defined by Lei, T et al. Formula (3) shows the communication power consumption per bit from vi to vj.
Es and El represent the forward power consumption and transmission power consumption respectively each bit on a single router. So the communication power consumption on NoC is as follow:
 , the remaining parameters in formula (4) are the constants. So the objective function for the optimization of low power mapping algorithm is:
IMPROVED MAX-MIN ANT COLONY ALGORITHM
The ant colony method is a probability algorithm to find an optimal path in the graph. It depends on the behavior of the ants in the process of searching for food and finding the path. An ant will release the pheromone to the surroundings to attract the other ants to come where it has found the food. After a period of time, there will be more and more ants gathering to look for food. However, there are always some ants to find a new path. If the new path is shorter than before, the ants will be attracted to the new one. After some time, there will be a shortest path. The problem of mapping with low power for NoC is realized by the improved max-min ant colony algo- rithm in this paper. In order to get the reliable statistical data, we use the real case MPEG4 [11] as a model. We prevent the searching path into a local optimal solution by using the roulette mechanism and setting the upper and lower bounds of the pheromone. The main steps of the algorithm are as follows:
Initialization
We put the ants which the number is M on the IP cores which the number is N. The value of pheromone (0)  on different paths is set to be 1 in the beginning time. Other parameters are shown in Table 1 . 
State transition rule
The kth ant will select the location where the jth core is when it is in the position of the ith core by using the roulette mechanism according to the pheromone intensity and heuristic factors, as shown in the formula (6).
represents the probability of the kth ant on the ith node choosing the jth node. τij (t) is the value of pheromone between the ith node and the jth node. α is the important degree of residual information. β is the important degree of heuristic factors. tabuk (k∈ (1,2,…,M)) records the IP cores that have been allocated.
…,n {1, 2, } tab k k u allowed   represents an optional node for the kth ant. {1,2,... N} represents all of the nodes which the number is n that can be mapped.
Roulette selection algorithm is a random selection method. The individual fitness is proportional to the probability of the conversion after each rotation. The individual probability is greater; the area occupied by the roulette is larger. So the chances of being selected are more. Roulette selection algorithm is a probability problem based on the fitness to enter the next generation.
In this paper we find most of the ants are likely to choose the paths which the probability is big with the advantage of roulette selection algorithm, although there are also some ants choose the paths of the small probability. In this way, the ants will explore a new path by avoiding the stagnation or being trapped in the local optimal solution. The roulette selection algorithm flow chart is shown in Figure 2. 
Pheromone updating
With the pace of evolution the pheromone that has left before will be gradually disappeared. All the ants are going to update the pheromone while they have completed a cycle. Only the best ant updates the pheromone after each cycle. The optimal solution can be an iterative optimal solution or a global optimal solution. And it can also include the two solutions. The global optimal solution is used to update the pheromone in this paper. Updating formulas are followed. (s ) best f is the optimal path length of all the ants.
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The pheromone concentration of each solution is limited in min max [ , ]   to prevent the value of pheromone too large or too small on a certain path from leading to stop searching. The algorithm must be adjusted if the solution has exceeded the upper limit or lower limit which will improve the effectiveness. best p is the probability of an ant to find an optimal solution once. It is set to be 0.05 [12] .
(t) ij  and * (t) ij  is the pheromone before smoothing and after smoothing respectively. The overall distribution of pheromone must be adjusted when the evolutionary progress is close to stagnation.
 determines how much the pheromone will be retained before. The pheromone will be initialized if  is equal to 1. Otherwise, nothing need to be done if  is equal to 0.
The smoothing strategy is adopted in this algorithm. The algorithm is easy to be a stagnant state when the iteration number is too many. So we use the following formula to reset the pheromone.
EXPERIMENTAL RESULTS AND ANALYSIS
In order to prove the proposed method can reduce the communication power consumption effectively, we have completed a series of experiments with Visual C++ environment.
MPEG4 decoder task graph
Taking into consideration of the practical application, the verified method proposed in this paper has adopted a real case as MPEG4. The decoder tasks are divided into 12 sub tasks. Each task is assigned to an IP core. Communication status is shown in Figure 3 . Taking into account the randomness of the experiment, we repeat the experiments for 20 times and set iteration number is equal to 1000.
Experimental results
The proposal can reduce the communication power consumption by max-min ant colony algorithm to find the shortest path on NoC mapping. In the process of the algorithm implementation, we can find the probability of the paths which the ants have selected by the roulette selection algorithm, avoiding the local optimal solution. With the increase of the iterations, we find the mapping communication power consumption is gradually convergence after each experiment, and finally it tends to a stable result. The experiments results verify the proposed of reducing the power consumption on NoC mapping method is feasibly. The result of the proposed in this paper and the proposed in [13] are shown in Figure 4 . Although the two methods both have randomness, we find that the method proposed in this paper can obtain smaller power variation amplitude, a stronger searching ability and a better stability. After 20 times experiments we find the proposed can adjust the solution by setting the range of pheromone concentration and using the smoothing strategy. The proposed can find the optimal solution more quickly and reduce the power consumption effectively. Compared with the simulated annealing mapping algorithm method proposed in [13] , mapping power consumption reduced at least 5.1%.
CONCLUSION
The appearance of NoC provides an effective solution for more and more IP cores integrated on a single chip. Some specific mapping algorithms must be adopted to match the task graph and NoC structure diagram in order to reduce the power consumption in the mapping design stage. So the mapping method with low power has been one of the important technologies for NoC. In this paper we get the mathematical model by analyzing the communication power consumption and traffic flow of NoC. Besides, we optimize the mapping function by using the state transition rule and the pheromone update strategy of the max min ant colony algorithm. We also reduce the communication in the mapping process by using roulette selection algorithm to prevent the searching path into a local optimal solution. Our experiments have adopted a real case as MPEG4. The results show that the proposed method has the advantages of intelligent search, global optimization and robustness which can reduce the communication power consumption effectively and ensure the quality of services of NoC.
